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(57) ABSTRACT 

The present invention is directed to methods for designing 
ligands capable of binding to the kinase domain of the 
insulin-like groWth hormone-1 (IGF-1) receptor With high 
af?nity. Upon binding, these ligands are capable of acting as 
modulators of IGF1 activity. IGF1 modulators designed or 
identi?ed using the methods of the invention may serve to 
inhibit an IGF1 activity or may serve to increase or prolong 
an IGF1 activity. Further provided are screening methods for 
identifying small molecules capable of binding to the 
tyrosine kinase domain of the IGF-I receptor. 
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Fig. 1 
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Fig. 3 
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METHODS FOR DESIGNING IGF1 RECEPTOR 
MODULATORS FOR THERAPEUTICS 

STATEMENT OF RELATED PATENT 
APPLICATION 

[0001] This application claims priority under 35 USC § 
119(e) to US. provisional application 60/400,001 ?led 31 
Jul. 2002, Which application and the entire disclosure thereof 
is herein speci?cally incorporated by reference in its 
entirety. 

STATEMENT OF FEDERALLY SPONSORED 
RESEARCH 

[0002] This invention Was made in part With NIH/NIDDK 
Grant No. R01 DK52916 and NIH/NCI Grant No. PO1 
CAO28146. The Federal Government may have certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention pertains to the ?elds of 
molecular biology, and more particularly, to receptor sig 
naling. 
[0005] 2. Statement of Related Art 

[0006] The IGF1 receptor is an (x262 transmembrane 
tyrosine kinase that is Widely expressed in many human 
tissues and cell types. Binding of the secreted groWth factor 
ligands IGF1 or IGF2 results in activation of the IGF1 
receptor. IGF2, hoWever, binds to the receptor With loWer 
af?nity relative to that of IGF1. Ligand binding to the ot 
subunits in the extracellular domain induces changes in 
receptor conformation and triggers autophosphorylation of 
the cytoplasmic [3 subunits on speci?c tyrosine residues, 
alterations Which stimulate catalytic activity and expose 
and/or create binding sites for doWnstream signaling pro 
teins. 

[0007] Under normal physiological conditions, the IGF1 
receptor plays an important role in the regulation of cell 
groWth and differentiation, and in protection from apoptosis. 
Disruption of the IGF1 receptor in mice leads to fetal groWth 
retardation and abnormalities in the development of muscle, 
skin, bone, and the central nervous system. Elevated levels 
of the IGF1 receptor are observed in a variety of human 
tumor types, and interference With IGF1 receptor function— 
by antisense strategies, antibodies, or dominant-negative 
mutants—reverses the transformed phenotype in a variety of 
tumor cell lines. For these reasons, the IGF1 receptor has 
emerged as a therapeutic target for the treatment of human 
cancer. 

[0008] Several publications and patent documents are ref 
erenced in this application in order to more fully describe the 
state of the art to Which this invention pertains. The disclo 
sure of each of these publications and documents is incor 
porated by reference herein. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to methods for 
designing ligands capable of binding to the tyrosine kinase 
domain of the insulin-like groWth factor-1 (IGF1) receptor 
to modulate catalytic activity and/or doWnstream signaling. 
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Further, the invention relates to screening methods for 
identifying small molecules capable of binding to the 
tyrosine kinase domain of the IGF1 receptor. Modulators 
identi?ed using the methods of the invention are capable of 
inhibiting or enhancing the catalytic activity and/or doWn 
stream signaling of the tyrosine kinase domain of the IGF1 
receptor. 

[0010] Accordingly, the present invention is directed to 
methods for designing ligands capable of binding to the 
tyrosine kinase domain of the IGF1 receptor to disrupt 
catalytic activity and/or doWnstream signaling. The inven 
tion also relates to screening methods for identifying small 
molecules capable of binding to and disrupting the tyrosine 
kinase domain of the IGF1 receptor. 

[0011] The present invention also pertains to methods for 
designing ligands capable of binding to the tyrosine kinase 
domain of the IGF1 receptor to enhance catalytic activity 
and/or doWnstream signaling. Moreover, the invention also 
encompasses screening methods for identifying small mol 
ecules capable of binding to and activating and/or perpetu 
ating the activity of the tyrosine kinase domain of the IGF1 
receptor. 

[0012] The present invention provides three-dimensional 
structural information relating to the IGF1 receptor Which 
may be used advantageously in methods for designing small 
molecule modulators (i.e., inhibitors or activators) speci?c 
for the IGF1 receptor kinase (IGF1RK) domain. In addition, 
the invention provides the crystallographic phasing infor 
mation necessary to determine crystal structures of the 
kinase domain in association With modulatory molecules. 

[0013] In one aspect of the invention, computer-assisted 
methods are provided for selecting a compound capable of 
binding to the tyrosine kinase (TK) domain of the IGF1 
receptor, comprising screening a plurality of compounds to 
determine the ability of a test compound to ?t into a 
three-dimensional structure formed by the TK domain of the 
IGF1 receptor, and selecting a test compound from the 
plurality Which is predicted to ?t into the three-dimensional 
space. 

[0014] In one embodiment of the invention, the three 
dimensional structure is the TK domain of the IGF1 receptor 
described by the coordinates of APPENDIX A. In another 
embodiment, the tyrosine kinase domain of IGF1 comprises 
residues 956-1,256 of the human IGF1 receptor (residues 
992-1292 of the sequence shoWn in SEQ ID NO: 1 Which 
contains a leader sequence). In another embodiment, the 
computer-assisted methods are, for example, virtual ligand 
docking and screening techniques capable of designing 
and/or identifying a compound predicted to bind to a three 
dimensional motif of the tyrosine kinase domain of the IGF1 
receptor. A three-dimensional motif of the tyrosine kinase 
domain of the IGF1 receptor may comprise the ATP-binding 
pocket (comprising amino acid residues 975-984, 1001 
1003, 1033-1034, 1049-1056, 1010-1012, 1122-1123; see 
Appendix A), or other regions/motifs such as, but not limited 
to, the peptide substrate binding groove in the C-terminal 
kinase lobe (comprising amino acid residues 1137-1157, 
1105-1109; see Appendix A), the hinge region on the back 
side of the kinase domain (comprising amino acid residues 
1025-1035, 1112-1121, 1050-1055; see Appendix A), and 
the alpha helix C (comprising amino acid residues 1005 
1029; see Appendix A). Compounds may be designed and/or 
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identi?ed that are predicted to bind to three-dimensional 
motifs With a range of different af?nities. In one embodi 
ment, a compound is designed and/or identi?ed that is 
predicted to bind to a three-dimensional motif With high 
af?nity. 

[0015] In an aspect of the invention, binding of a com 
pound to a three-dimensional motif of the tyrosine kinase 
domain of the IGFl receptor is predicted to modulate an 
activity of the IGFl receptor. In one embodiment, modulat 
ing an activity of the IGFl receptor reduces or inhibits an 
activity of the IGFl receptor. Alternatively, modulating an 
activity of the IGFl receptor increases or prolongs an 
activity of the IGFl receptor. In one aspect of the invention, 
the activity Which is modulated is the tyrosine kinase 
activity of the IGFl receptor receptor 

[0016] In a speci?c embodiment of the method of the 
invention, ligands capable of discriminating betWeen the 
IGFl receptor and the highly homologous insulin receptor 
are designed and/or identi?ed by the computer assisted 
methods described beloW. 

[0017] Compounds identi?ed by the method of the inven 
tion are subsequently tested in in vitro assays as described 
beloW to determine their ability to modulate (i.e., inhibit or 
activate) an activity (e.g., tyrosine kinase activity) of the 
IGFl and insulin receptors. 

[0018] In a second aspect, the invention provides a com 
puter-assisted method for designing a compound capable of 
binding to the TK domain of the IGFl receptor, comprising 
determining the ability of a test compound to ?t into a 
three-dimensional structure formed by the TK domain of the 
IGFl receptor, and selecting a test compound predicted to 
bind the TK domain of the IGFl receptor. In one embodi 
ment, the three-dimensional structure is the tyrosine kinase 
domain of the IGFl receptor described by the coordinates of 
APPENDIX A. In another embodiment, the tyrosine kinase 
domain of the IGFl receptor comprises amino acid residues 
992-1292 of SEQ ID NO: 1. 

[0019] The computer-assisted method used may involve 
virtual ligand docking and screening techniques that are 
capable of designing and/or identifying a compound pre 
dicted to bind to a three-dimensional motif of the tyrosine 
kinase domain of the IGFl receptor. A three-dimensional 
motif of the tyrosine kinase domain of the IGFl receptor 
includes, but is not limited to, the ATP-binding pocket 
(comprising amino acid residues 975-984, 1001-1003, 1033 
1034, 1049-1056, 1010-1012, 1122-1123; see Appendix A), 
the peptide substrate binding groove in the C-terminal 
kinase lobe (comprising amino acid residues 1137-1157, 
1105-1109; see AppendiX A), the hinge region on the back 
side of the kinase domain (comprising amino acid residues 
1025-1035, 1112-1121, 1050-1055; see AppendiX A), and 
the alpha heliX C (comprising amino acid residues 1005 
1029; see AppendiX A). Compounds may be designed and/or 
identi?ed that are predicted to bind to these three-dimen 
sional motifs With a range of different af?nities. In one 
embodiment, a compound is designed and/or identi?ed that 
is predicted to bind to a three-dimensional motif With high 
af?nity. 

[0020] In an embodiment, binding of the test compound to 
the IGFlRK is predicted to modulate an IGFl receptor 
activity. Modulation of an IGFl receptor activity may be 
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predicted to involve reducing and/or inhibiting an IGFl 
receptor activity, or enhancing and/or prolonging an IGFl 
receptor activity. The receptor activity to be modulated may 
comprise the tyrosine kinase activity of the IGFl receptor. 

[0021] In a third aspect, the invention provides a com 
puter-assisted method for designing a molecule capable of 
modulating an activity of an IGFl receptor, comprising 
determining the ability of a test molecule to ?t into a 
three-dimensional structure formed by the TK domain of the 
IGFlRK, selecting the test molecule predicted to bind to 
IGFlRK, generating the test molecule, contacting the test 
molecule With the three-dimensional IGFlRK site, and 
determining if the test compound binds the IGFlRK. In one 
embodiment, the three-dimensional structure is the tyrosine 
kinase domain of the IGFl receptor having coordinates of 
APPENDIX A. In another embodiment, the tyrosine kinase 
domain of the IGFl receptor comprises amino acid residues 
992-1292 of SEQ ID NO: 1. 

[0022] In an embodiment, the computer-assisted method is 
virtual ligand docking and screening techniques capable 
designing and/or identifying a compound predicted to bind 
to a three-dimensional motif of the tyrosine kinase domain 
of the IGFl receptor. A three-dimensional motif of the 
tyrosine kinase domain of the IGFl receptor may comprise, 
Without limitation, the ATP-binding pocket (comprising 
amino acid residues 975-984, 1001-1003, 1033-1034, 1049 
1056, 1010-1012, 1122-1123; see AppendiX A), the peptide 
substrate binding groove in the C-terminal kinase lobe 
(comprising amino acid residues 1137-1157, 1105-1109; see 
AppendiX A), the hinge region on the backside of the kinase 
domain (comprising amino acid residues 1025-1035, 1112 
1121, 1050-1055; see AppendiX A), and the alpha heliX C 
(comprising amino acid residues 1005-1029; see Appendix 
A). Compounds may be designed and/or identi?ed that are 
predicted to bind to these three-dimensional motifs With a 
range of different af?nities. In one embodiment, a compound 
is designed and/or identi?ed that is predicted to bind to a 
three-dimensional motif With high affinity. Asmall molecule 
capable of binding to an IGFlRK and, for eXample, inter 
fering With a function of a domain or region of the receptor 
important for receptor activity such as those indicated above 
is eXpected to act as an inhibitor of IGFlRK activity. 

[0023] Alternatively, a small molecule capable of binding 
to an IGFlRK and, for eXample, promoting and/or activating 
a function of a three-dimensional motif (e.g., a domain or 
region) of the receptor important for receptor activity is 
eXpected to act as an activator of IGFlRK activity. Such 
domains or regions include, Without limitation, regions 
Which contribute to the formation and/or stability of an 
active three dimensional conformation of the tyrosine kinase 
domain (a catalytically competent form) and regions Which 
are implicated in binding of doWnstream signaling mol 
ecules, particularly those signaling molecules that are 
involved in doWnregulating IGFlRK activity. Compounds 
identi?ed that are capable of binding to a region(s) that 
contribute to the formation and/or maintenance of an active 
three-dimensional conformation may effectively stabiliZe 
the active receptor structure and thereby prolong receptor 
activity. Alternatively, compounds that interfere With the 
binding of doWnstream effector molecules Whose associa 
tion With the IGFlR leads to a decrease in kinase activity or 
a reduction in IGFlR signaling may also enhance IGFlR 
kinase activity. Compounds that stabiliZe the active receptor 
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conformation and/or interfere With the binding of signaling 
molecules that doWnregulate IGF1R function, for example, 
are expected to promote IGF1 receptor kinase activity. 

[0024] In one embodiment, a test compound is a non 
peptide-based molecule. In another embodiment, a test com 
pound is a peptide-based molecule. 

[0025] Other features and advantages of the invention Will 
be apparent from the detailed description, the draWings, and 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a molecular surface representation of the 
TK domain of the IGF1RK illustrating surface differences 
betWeen IGF1RK and IRK. The molecular surface contrib 
uted by side chains that differ betWeen the tWo receptor 
structures is colored green. The molecular surface contrib 
uted by the Thr1053 side chain in the interlobe linker is 
colored yelloW. Stick representations of the nucleotide ana 
log (AMP-PCP) and peptide are shoWn. 

[0027] FIG. 2 is a backbone Worm representation of 
IGF1RK. Segments corresponding to residues that differ 
betWeen IGF1RK and IRK are colored green. Stick repre 
sentations of the nucleotide analog (AMP-PCP) and peptide 
are shoWn. The semi-transparent segment represents the 
portion of the kinase insert disordered in the structure. 

[0028] FIG. 3 is a ribbon diagram of the IGF1RK struc 
ture. P-strands (numbered) are shoWn in cyan; [3-helices 
(lettered) are shoWn in red. The peptide is colored orange 
With the phosphate-acceptor Tyr shoWn in ball-and-stick 
representation. The nucleotide analog, AMP-PCP, is also 
shoWn in ball-and-stick representation (black). The dashed 
gray coil represents the disordered portion of the kinase 
insert. The N-terminal (NT) end of the structure is labeled. 
The C-terminal end is after (1.], hidden behind [38. 

[0029] FIG. 4 shoWs the interactions Within the A-loop in 
stereo. The A-loop (residues 1,123-1,145) is shoWn as a 
backbone Worm (green) With side chains of selected residues 
shoWn in stick representation (carbon=green, nitrogen=blue, 
oxygen=red, sulfur=yelloW, and phosphorus=black). Resi 
dues contributing to stabiliZation of the activation loop via 
hydrophobic interactions are shoWn With a molecular sur 
face. Hydrogen bonds are shoWn as dashed lines (black). 

[0030] FIG. 5 shoWs the interactions betWeen the A-loop 
and other kinase segments in stereo. A backbone Worn 
representation is shoWn for the A-loop (green), a segment 
including part of the catalytic loop (residues 1,100-1,105; in 
orange) and a segment corresponding to [312 (residues 
1,157-1,159; in gray). Side chain and main chain atoms are 
shoWn in stick representation With the same color scheme as 
in FIG. 4 With the exception of carbon, Which is colored the 
same as the corresponding backbone Worm. For clarity, pTyr 
1136 is omitted. 

[0031] FIG. 6 depicts stereo vieWs of interactions at the 
IGF1RK-peptide substrate interface. A semitransparent 
molecular surface (gray) of IGF1RK is shoWn With residues 
(labeled and displayed in stick representation) that de?ne the 
peptide binding cleft and interact With the peptide substrate. 
The peptide (shoWn in stick representation) is illustrated 
Without a molecular surface, With residues labeled relative to 
the phosphate acceptor Tyr (P0). Hydrogen bonds betWeen 
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the peptide and the enZyme are shoWn as black lines. Bond 
coloring is carbon=orange, oxygen=red, nitrogen=blue, sul 
fur=green, and phosphorus=yelloW. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Before the present assay methodology and treat 
ment methodology are described, it is to be understood that 
this invention is not limited to particular assay methods, or 
test compounds and experimental conditions described, as 
such methods and compounds may vary. It is also to be 
understood that the terminology used herein is for the 
purpose of describing particular embodiments only, and is 
not intended to be limiting, since the scope of the present 
invention Will be limited only the appended claims. 

[0033] De?nitions 

[0034] As used in this speci?cation and the appended 
claims, the singular forms “a”, “an” and “the” include plural 
references unless the context clearly dictates otherWise. 
Thus for example, references to “the method” include one or 
more methods, and/or steps of the type described herein 
and/or Which Will become apparent to those persons skilled 
in the art upon reading this disclosure and so forth. 

[0035] The term “amino acid” Within the scope of the 
present invention and as used in its broadest sense, is meant 
to include the naturally occurring L alpha amino acids or 
residues. The commonly used one- and three-letter abbre 
viations for naturally occurring amino acids are used herein 
(Lehninger, Biochemistry, 2d ed., pp. 71-92, (Worth Pub 
lishers: NeW York, 1975). The term includes D-amino acids 
as Well as chemically-modi?ed amino acids such as amino 
acid analogs, naturally occurring amino acids that are not 
usually incorporated into proteins such as norleucine, and 
chemically-synthesized compounds having properties 
knoWn in the art to be characteristic of an amino acid. For 
example, analogs or mimetics of phenylalanine or proline, 
Which alloW the same conformational arrangement of the 
peptide compounds as natural Phe or Pro, are included 
Within the de?nition of amino acid. Such analogs and 
mimetics are referred to herein as “functional equivalents” 
of an amino acid. Other examples of amino acids are listed 
by Roberts and Vellaccio, The Peptides: Analysis, Synthesis, 
Biology, Eds. Gross and Meiehofer, Vol. 5, p. 341 (Aca 
demic Press, Inc.: NY. 1983). The term “amino acid” also 
has further, more detailed measuring as the latter pertains to 
the description of the invention, Which usage and more 
detailed meaning is set forth in Paragraph 0080, infra. 

[0036] The term “conservative” amino acid substitution as 
used herein to refer to amino acid substitutions that substi 
tute functionally-equivalent amino acids. Conservative 
amino acid changes result in silent changes in the amino acid 
sequence of the resulting peptide. For example, one or more 
amino acids of a similar polarity act as functional equiva 
lents and result in a silent alteration Within the amino acid 
sequence of the peptide. The largest categories of conser 
vative amino acid substitutions include: hydrophobic, neu 
tral hydrophilic, polar, acidic/negatively charged, neutral/ 
charged, basic/positively charged, aromatic, and residues 
that in?uence chain orientation. One of ordinary skill in the 
art is aWare of the amino acid residues that are categoriZed 
Within any one of the above categories and may, therefore, 
be conservatively substituted. In addition, “structurally 
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similar” amino acids can substitute conservatively for some 
of the speci?c amino acids. Groups of structurally similar 
amino acids include: Leu, and Val; Phe and Tyr; Lys and 
Arg; Gln and Asn; Asp and Glu; and Gly and Ala. In this 
regard, it is understood that amino acids are substituted on 
the basis of side-chain bulk, charge, and/or hydrophobicity. 
Amino acid residues are classi?ed into four major groups: 
acidic, basic, neutral/non-polar, and neutral/polar. 
[0037] An acidic residue has a negative charge due to loss 
of an H ion at physiological pH and is attracted by aqueous 
solution so as to seek the surface positions in the confor 
mation of a peptide in Which it is contained When the peptide 
is in aqueous solution. 

[0038] A basic residue has a positive charge due to asso 
ciation With an H ion at physiological pH and is attracted by 
aqueous solution so as to seek the surface positions in the 
conformation of a peptide in Which it is contained When the 
peptide is in aqueous medium at physiological pH. 

[0039] Aneutral/non-polar residue is not charged at physi 
ological pH and is repelled by aqueous solution so as to seek 
the inner positions in the conformation of a peptide in Which 
it is contained When the peptide is in aqueous medium. 
These residues are also designated “hydrophobic residues.” 

[0040] A neutral/polar residue is not charged at physi 
ological pH, but the residue is attracted by aqueous solution 
so as to seek the outer positions in the conformation of a 
peptide in Which it is contained When the peptide is in 
aqueous medium. 

[0041] “Amino acid” residues can be further classi?ed as 
cyclic or non-cyclic, and aromatic or non-aromatic With 
respect to their side-chain groups, these designations being 
commonplace to the skilled artisan. 

[0042] Peptides of the invention can be synthesiZed by 
standard solid-phase synthesis techniques. Such peptides are 
not limited to amino acids encoded by genes for substitu 
tions involving the amino acids. Commonly encountered 
amino acids that are not encoded by the genetic code 
include, for example, those described in WO 90/01940, as 
Well as, for example, 2-amino adipic acid (Aad) for Glu and 
Asp; 2-aminopimelic acid (Apm) for Glu and Asp; 2-ami 
nobutyric (Abu) acid for Met, Leu, and other aliphatic amino 
acids; 2-aminoheptanoic acid (Ahe) for Met, Leu, and other 
aliphatic amino acids; 2-aminoisobutyric acid for Gly; 
cyclohexylalanine (Cha) for Val, Leu and He; homoarginine 
(Har) for Arg and Lys; 2,3-diaminopropionic acid (Dpr) for 
Lys, Arg, and His; N-ethylglycine (EtGly) for Gly, Pro, and 
Ala; N-ethylglycine (EtGly) for Gly, Pro, and Ala; N-ethy 
lasparagine (EtAsn) for Asn, and Gin; hydroxylysine (Hyl) 
for Lys; allohydroxylysine (AHyl) for Lys; 3-(and 4-)hy 
droxyproline (3Hyp, 4Hyp) for Pro, Ser, and Thr; allo 
isoleucine (Alle) for lie, Leu, and Val; .rho.-amidinopheny 
lalanine for Ala; N-methylglycine (MeGly, sarcosine) for 
Gly, Pro, and Ala; N-methylisoleucine (Melle) for He; 
norvaline (Nva) for Met and other aliphatic amino acids; 
norleucine (Nle) for Met and other aliphatic amino acids; 
ornithine (Orn) for Lys, Arg and His; citruline (Cit) and 
methionine sulfoxide (MSO) for Thr, Asn, and Gin; and 
N-methylphenylalanine (MePhe), trimethylphenylalanine, 
halo-(F—, Cl—, Br—, or I) phenylalanine, or tri?uorylphe 
nylalanine for Phe. 

[0043] The term “tyrosine kinase domain of the insulin 
like groWth factor 1”, “the IGFlRK site”, and/or “the 
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IGFlRK domain” and the like, refer to a protein fragment 
having the three-dimensional structure as described in 
attached APPENDIX A. The IGFlRK site is also de?ned as 
comprising amino acid residues 956-1,256 of the human 
IGFlRK, corresponding to Trp 992-1292 of the amino 
acid sequence of SEQ ID NO: 1, Which comprises the amino 
acid sequence of the IGFl receptor including a 36 amino 
acid leader sequence. 

[0044] As used herein, the term “modulator” refers to a 
compound capable of modulating, altering, or changing an 
activity of a molecule. In the context of the present inven 
tion, a modulator may be used to alter an activity of the IGFl 
receptor or a functional fragment thereof. In a particular 
embodiment, a modulator may alter an activity associated 
With the tyrosine kinase (TK) domain of the IGFl receptor 
or a fragment of the receptor comprising the TK domain. 
The term “modulator”, “modulatory compound”, or “modu 
latory agent” encompasses a compound/agent capable of 
decreasing, inhibiting, and/or reducing an activity of a 
molecule (i.e., an inhibitor) or increasing, enhancing, and/or 
prolonging an activity of a molecule (i.e., an activator). 

[0045] An inhibitor of the TK domain of the IGFl recep 
tor, for example, is a compound/ agent capable of decreasing, 
inhibiting, and/or reducing an activity of the TK domain of 
the IGFl receptor. It is to be understood that a compound/ 
agent capable of inhibiting the TK domain of the IGFl 
receptor may be speci?c for an activity of the IGFl TK 
domain or may be able to act as an inhibitor of TK domains 
derived from other kinases. 

[0046] An activator of the TK domain of the IGFl recep 
tor, for example, is a compound/agent capable of increasing, 
enhancing, and/or prolonging an activity of the TK domain 
of the IGFl receptor. It is to be understood that a compound/ 
agent capable of “activating” or “prolonging the activated 
state” of the TK domain of the IGFl receptor may be speci?c 
for an activity of the IGFl TK domain or may be able to act 
as an activator of TK domains derived from other kinases. 

[0047] As used herein, a “three-dimensional motif” refers 
to a spatial conformation formed by an association or 
arrangement of different amino acid residues and/or regions 
of a molecule. The nature of such associations and arrange 
ments is discussed in detail in Examples 1-4 herein beloW. 

[0048] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are noW described. All 
publications mentioned herein are incorporated by reference 
to disclose and describe the methods and/or materials in 
connection With Which the publications are cited. 

[0049] General Description 

[0050] The IGF system includes membrane-bound recep 
tors for IGF-l, IGF-2, and insulin. The Type 1 IGF (IGFl) 
receptor is closely related to the insulin receptor in structure 
and shares some of its signaling pathWays (Jones and 
Clemmons (1995) Endocr. Rev., 16: 3-34). The IGF-2 recep 
tor is a clearance receptor that does not appear to transmit an 
intracellular signal (Jones and Clemmons, supra). 
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[0051] As described herein, the IGF1 receptor is a key 
factor in normal cell groWth and development (Daughaday 
and RotWein (1989) Endocrine Rev. 10:68-91). Increasing 
evidence suggests, hoWever, that IGF1 receptor signaling 
also plays a critical role in tumor cell groWth, cellular 
transformation, and tumorigenesis (Baserga (1995) Cancer 
Res. 55 :249-252; for a revieW, see KhandWala et al. (2000) 
Endocr. Rev. 21: 215-244). Key examples include loss of 
metastatic phenotype of murine carcinoma cells by treat 
ment With antisense RNA to the IGF1 receptor (Long et al. 
(1995) Cancer Res., 55:1006-1009) and the in vitro inhibi 
tion of human melanoma cell motility (Stracke et al. (1989) 
J. Biol. Chem. 264:21554-21559) and of human breast 
cancer cell groWth by the addition of IGF1 receptor anti 
bodies (Rohlik et al. (1987) Biochem. Biophys. Res. Com 
mun. 149:276-281). 

[0052] Moreover, the IGFs have been shoWn to be potent 
breast cancer cell mitogens. This ?nding is based, in part, on 
the observation that IGF-1 enhances breast cancer cell 
proliferation in vitro (Cullen et al. (1990) Cancer Res. 
50:48-53). Since many breast cancers express both an IGF 
and IGF1 receptor, these cells possess all the required 
effectors for an autocrine proliferative loop (Quinn et al. 
(1996) J. Biol. Chem. 271:11477-11483; Stelleret al. (1996) 
Cancer Res., 56:1761-1765). Because breast cancer is a 
common malignancy affecting approximately one in every 
eight Women and is a leading cause of cancer-related death 
in North American Women (LeRoith et al. (1995) Ann. Int. 
Med., 122:54-59), neW rational therapies are required for 
intervention. Since IGF1 can suppress apoptosis, cells lack 
ing IGF1 receptors or having compromised IGF1 receptor 
signaling pathWays may give rise to tumor cells that selec 
tively die via apoptosis (Long et al. (1995) Cancer Res 
55:1006-1009). Furthermore, it has become evident that 
alterations in IGF signaling in the context of other disease 
states, such as diabetes, may be responsible for exacerbating 
the complications of retinopathy (Smith et al. (1997) Sci 
ence 276:1706-1709) and nephropathy (Homey et al. (1998) 
Am. J. Physiol. 274: F1045-F1053). 

[0053] The present invention is based in part on the 
determination of the three-dimensional structure of the acti 
vated form of the tyrosine kinase domain of the IGF1 
receptor, as determined by x-ray crystallography. The inven 
tion, therefore, provides a structural basis for understanding 
substrate recognition by the IGF1 receptor kinase domain 
(IGF1RK) and for designing small molecule modulators 
(i.e., inhibitors or activators) of IGF1RK. As described, the 
form of IGF1RK crystalliZed herein is the tris(3)-phospho 
rylated, activated form, and the structure contains a bound 
ATP analog and 14-residue peptide substrate (FIG. 1). The 
present inventors published the novel structure of the acti 
vated form of the TK domain of the IGF1 receptor (Fave 
lyukis et al. (2001) Nature Structural Biology 8: 1058-1063), 
Which publication is herein speci?cally incorporated by 
reference in its entirety. 

[0054] Arelated crystal structure of IGF1RK has also been 
reported by Pautsch et al. (2001) Structure 9:955 -965, Which 
publication is herein speci?cally incorporated by reference 
in its entirety. The Pautsch et al. structure is of a partially 
activated, bis(2)-phosphorylated form having a bound ATP 
analog but no substrate peptide. Acomparison of the crystal 
structures of the tris- and bis-phosphorylated forms of the 
IGF1 TK domain reveals that signi?cant differences exist 
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betWeen these forms. An understanding of these differences 
can be applied to methods for screening/identifying small 
molecule modulators (i.e., inhibitors or activators) capable 
of interacting With the different structural forms of the TK 
domain of the IGF1 receptor. 

[0055] The three-dimensional structure of the IGF1RK 
has also been determined in the unphosphorylated, loW 
activity state by Munshi et al. (2002) J Biol Chem 
277:38797-38802, Which publication is herein speci?cally 
incorporated by reference in its entirety. A comparision of 
the crystal structures of the unphosphorylated, tris-, and 
bis-phosphorylated forms of the IGF1 TK domain may also 
be used to advantage to design/identify small molecule 
modulators of the IGF1R. 

[0056] Of note, the IGF1 receptor is structurally homolo 
gous to the insulin receptor. The members of this receptor 
subfamily are hetero-tetrameric glycoproteins consisting of 
tWo extracellular ligand-binding ot-subunits and tWo trans 
membrane catalytic [3-subunits. The cytoplasmic portions of 
the 1-subunits possess a juxtamembrane region, a tyrosine 
kinase domain, and a C-terminal tail (Hubbard & Till (2000) 
Ann. Rev. Biochem. 69:373-398). The tyrosine kinase 
domains of the IGF1 and insulin receptors possess 84% 
sequence identity, While the juxtamembrane and C-terminal 
regions share 61% and 44% sequence identity, respectively 
(Blakesley et al. (1996) Cytokine GroWth Factor Rev. 7: 
153-159; Ullrich et al. (1986) EMBO J. 5:2503-2512). 
Despite this high degree of homology, the tWo receptors 
have distinct biological roles. While the insulin receptor is 
knoWn to be a key regulator of physiological processes such 
as glucose transport and biosynthesis of glycogen and fat, 
the IGF1 receptor is a potent regulator of cell groWth and 
differentiation (Blakesley et al. (1996) supra; Lammers et al. 
(1989) EMBO J. 8:1369-1375). 
[0057] Ligand binding to the extracellular ot-subunit of the 
IGF1 (or insulin) receptor triggers autophosphorylation of 
three tyrosine residues in the activation loop (A-loop) Within 
the kinase domain of the P-subunit of the receptor (Kato et 
al. (1993) J. Biol. Chem. 268:2655-2661; Murakami et al. 
(1991) J. Biol. Chem. 266:22653-22660) resulting in an 
increase in catalytic activity (Wei et al. (1995) J. Biol. Chem. 
270:8122-8130; Butler et al. (1998) Comp. Biochem. 
Physiol. 121:19-26). The three-dimensional structure of the 
insulin receptor tyrosine kinase domain (IRK) has been 
determined in the unphosphorylated, loW activity state 
(Hubbard et al. (1994) Nature 372:746-754) and the tris 
phosphorylated, high activity state (Hubbard et al. (1997) 
EMBO J. 16:5572-5581). These crystal structures shoW that 
autophosphorylation causes a major conformational change 
in the A-loop, resulting in unrestricted access of ATP and 
protein substrates to the kinase domain. 

[0058] The molecular mechanism of IGF1 receptor acti 
vation has not been Well characteriZed. The signaling dif 
ferences betWeen the insulin and IGF1 receptors may be due 
to structural/enzymatic differences Within the tyrosine 
kinase domains. Alternatively, the differences in signaling 
may arise from other regions of the receptors that act in 
conjunction With the kinase domains. 

[0059] As described in Examples 1-4, steady-state kinetic 
measurements Were carried out on the differentially phos 
phorylated forms of the IGF1 receptor kinase domain 
(IGF1RK). As shoWn herein beloW, the crystal structure of 
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a tris-phosphorylated IGF1RK in complex With a peptide 
substrate and an ATP analog Was determined. These results 
provide a basis for comparison betWeen the activation 
mechanisms of the tWo receptors. 

[0060] In vieW of the above, the present discovery also 
presents evidence that may be applied to the identi?cation of 
small molecule modulators (i.e., inhibitors or activators) that 
bind differentially to the TK domains of the insulin receptor 
and the IGF1 receptor. Inasmuch as different disorders/ 
diseases are associated With altered responses/regulation of 
one of these receptors, there is a critical need to identify 
compounds capable of speci?cally modulating the kinase 
activity either the IGF1 or the insulin receptor. Such a 
compound Would, therefore, not substantially affect the 
activity of the other related receptor tyrosine kinases. 

[0061] A skilled artisan Would also appreciate that the 
novel crystal structure of the activated IGF1R tyrosine 
kinase domain could be used to advantage to design of 
and/or screen for small molecule modulators of other related 
tyrosine kinases. Indeed, the structural information pertain 
ing to the activated IGF1R TK domain could readily be 
extrapolated to predict the crystal structures of activated TK 
domains of related tyrosine kinases. Such in silico structural 
determinations may then be applied to the design of and/or 
screening for molecules that bind and potentially modulate 
an activity of a kinase domain(s). 

[0062] Autophosphorylation of IGF1 Receptor Kinase 

[0063] To characteriZe the autoregulatory features of 
IGF1RK, kinetic and structural analyses Were carried out as 
described in Examples 1-4 beloW. IGF1RK (residues 956 
1,25 6) Was produced in Sf9 cells using a baculovirus expres 
sion vector. This portion of the IGF1 receptor is homologous 
to the region of the insulin receptor kinase crystalliZed 
(IRK); it contains the kinase domain and excludes the ?rst 
27 residues (the juxtamembrane region) and the last 81 
residues (the C-terminal tail) of the cytoplasmic domain. 
IGF1RK Was puri?ed from insect cells in its unphosphory 
lated, loW activity state. Upon addition of ATP, IGF1RK is 
activated by three discrete phosphorylation events, Which 
result in the appearance of three differentially phosphory 
lated forms that can be resolved by non-denaturing gel 
electrophoresis. 

[0064] To determine Whether autophosphorylation of 
IGF1RK Was intra- or intermolecular, a continuous spectro 
photometric assay Was used that couples production of ADP 
to oxidation of NADH, measured as a decrease in absor 
bance at 340 nm. Varying concentrations of the unphospho 
rylated form (0P) of IGF1RK Were incubated With ATP. The 
time course of IGF1RK autophosphorylation shoWs a lag in 
ATP turnover that corresponds to the induction time for 
IGF1RK autophosphorylation. A time course analysis of 
induction times revealed that the phosphorylation reaction 
Was concentration dependent. These results indicate that 
autophosphorylation of IGF1RK is an intermolecular event. 

[0065] The mono-, bis-, and tris-phosphorylated forms of 
IGF1RK Were puri?ed to homogeneity using ion exchange 
chromatography. For the tris-phosphorylated (3P) form, the 
stoichiometry of phosphorylation Was con?rmed by 
MALDI-TOF mass spectrometry, Which shoWed that all 
three sites of autophosphorylation are in the kinase A-loop. 
Based on peptide mapping experiments, the order of phos 
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phorylation for IGF1RK is consistent With that determined 
for the insulin receptor. The ?rst site of autophosphorylation 
is predominantly Tyr 1,135, folloWed by Tyr 1,131 and then 
by Tyr 1,136 (the corresponding residues in IRK are 1,158, 
1,162, and 1,163). 

[0066] The production of puri?ed 0P, 1P, 2P, and 3P forms 
of IGF1RK, as described for the ?rst time herein, facilitated 
a determination of the impact of each autophosphorylation 
event on the steady-state kinetic parameters of the insulin 
like groWth factor receptor tyrosine kinase. Kinetic experi 
ments Were performed using the peptide 
KKEEEEYMMMMG (SEQ ID NO: 2), a peptide identi?ed 
by peptide library studies as being an optimal substrate for 
IRK (Songyang et al. (1995) Nature 373:536-539). These 
analyses, carried out using a continuous spectrophotometric 
assay, indicate that each phosphorylation event causes an 
increase in enZyme turnover number and a decrease in the 
Km values for ATP and peptide substrate (Table 1). The 
overall increase in catalytic ef?ciency (VmaX/Km) of the 3P 
form, as compared to that of the 0P form, Was >120-fold. 
The effects on VrnaX Were most pronounced in the transition 
from the 0P to the 1P form of IGF1RK, While the largest 
effects on Km occurred after the second autophosphorylation 
(Table 1). These results are consistent With a recent study 
comparing the kinetic parameters of the 0P and 3P forms of 
IRK. 

[0067] For maximal IGF1RK catalytic activity, the distal 
ends of the A-loop must be properly positioned to bind 
MgATP and peptide substrate, respectively. By comparison 
to the unphosphorylated IRK structure (Hubbard et al. 
(1994) supra), in Which the A-loop adopts an autoinhibitory 
conformation With Tyr 1,162 (Tyr 1,135 in IGF1RK) bound 
in the active site, phosphorylation of the A-loop tyrosine 
residues in IGF1RK incrementally destabiliZes the autoin 
hibited form of the A-loop and stabiliZes the catalytically 
competent form associated With the tris-phosphorylated IRK 
and IGF1RK structures. Based on the structural data for IRK 
and IGF1RK, destabiliZation of the autoinhibitory A-loop 
conformation derives from autophosphorylation of Tyr 
1,135 and Tyr 1,131, and stabiliZation of the catalytically 
optimiZed A-loop conformation results from autophospho 
rylation of Tyr 1,136, and to a lesser extent, of Tyr 1,135. 
The effects on the steady-state kinetic parameters (Km and 
Vmax) of A-loop disordering and reordering upon stepWise 
autophosphorylation are complex. The signi?cant decrease 
in the substrate Km values in the transition from the 1P state 
(mainly Tyr 1,135) to the 2P state (Tyr 1,135 and Tyr 1,131) 
suggests that autophosphorylation of Tyr 1,135 is necessary 
but not suf?cient to destabiliZe the autoinhibitory A-loop 
conformation; full destabiliZation requires autophosphory 
lation of Tyr 1,131 as Well. 

TABLE 1 

KINETIC PROPERTIES OF IGFlRK 

Phosphorylation ATP Km Peptide Km Vmax Vmax/Km 
state (mM) (‘umol/min/mg) peptide 

OF 720 1 39 1.3 1 0.21 2.1 1 1 1.6 

1P 527 1 38 0.62 1 0.07 12.7 1 0.1 20 

2P 148 1 11 0.13 1 0.02 15.3 1 0.5 118 

3P 107 1 11 0.12 1 0.01 23.6 1 0.7 197 
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[0068] Structural Analysis of the Tris-Phosphorylated 
Form of IGF1RK 

[0069] As described herein, the 2.1 A-resolution crystal 
structure of the tris-phosphorylated, activated form of 
IGF1RK in complex With nucleotide analog AMP-PCP 
([3,y-methyleneadenosine 5‘-triphosphate) and peptide sub 
strate Was determined. IGF1RK shares the Well-conserved 
architecture of a typical member of a tyrosine kinase family, 
consisting of tWo major subdomains, an amino-terminal 
(NT) lobe comprised of ?ve anti-parallel [3-strands ([31-[35) 
and a single ot-helix (otC), and a carboxy-terminal (CT) lobe 
comprised of eight ot-helices ((XD-(XJ) and three pairs of 
anti-parallel [3 strands ([37-[38, [36-[39, [310-[312). The nucle 
otide analog is situated in the cleft betWeen the tWo lobes, 
and the peptide substrate is bound to the CT lobe, With the 
phosphate-acceptor Tyr hydrogen bonded to conserved resi 
dues in the catalytic loop (residues 1,103-1,110) (FIG. 3). 
The phosphorylated A-loop (residues 1,123-1.144) is Well 
ordered and anchored to the CT lobe in a conformation that 
facilitates substrate binding and catalysis. 

[0070] The overall structure of IGF1RK is similar to the 
structure of the activated, tris-phosphorylated form of the 
insulin receptor kinase (IRK). Superimposition of the CO. 
atoms in the CT lobe (IGF1RK residues 1,053-1,256) yields 
a root-mean-square deviation (rmsd) of only 0.6 A. With 
residues in the CT lobe superimposed, a difference in the 
positions of the NT lobes of the tWo kinases is apparent. 
Relative to IRK, the NT and CT lobes of IGF1RK are 
approximately 7° more “open”. This difference that may 
result, in part, from crystal packing forces rather than 
intrinsic differences betWeen the kinases. When the CO. 
atoms of the NT lobe of IRK and IGF1RK are superimposed, 
the rmsd is 1.2 A, With the largest deviations found in otC, 
due to a relative displacement of (XC vis-a-vis the [3-sheet; in 
IRK, otC is slightly closer to the CT lobc. 

[0071] A structural comparison of the 0P and 3P forms of 
IRK reveals a change in the relative lobe disposition as Well 
as a recon?guration of the A-loop. Upon A-loop phospho 
rylation and nucleotide binding, the NT lobe of IRK under 
goes a rotation toWards the CT lobe, resulting in closure of 
the catalytic cleft. In addition, otC undergoes an independent 
rotation (With respect to the [3-sheet) toWards the CT lobe. In 
the IGF1RK structure, otC is in approximately the same 
rotational position as in the tris-phosphorylated IRK struc 
ture, juxtaposing protein kinase-conserved Lys 1,003 (p3) 
and Glu 1,020 (otC). 

[0072] The conformation of the tris-phosphorylated 
A-loop in IGF1RK is stabiliZed by numerous interactions 
Within the A-loop and betWeen the A-loop and other seg 
ments of the kinase (FIGS. 4-5). The phosphate group of 
pTyr 1,135 is salt bridged to Arg 1,137, and the phosphate 
group of pTyr 1,136 is salt bridged to conserved Arg 1,128 
and Lys 1,138 (FIG. 4). The pTyr 1,136-Arg 1,128 interac 
tion is a key structural element in the pTyr-mediated stabi 
liZation of the A-loop. Interestingly, the pTyr 1,136-Lys 
1,138 interaction Was not observed in the IRK structure. Met 
1,126, located immediately after the protein kinase-con 
served DFG sequence at the beginning of the A-loop, packs 
against Leu 1,144 and tyrosine kinase-conserved Pro 1,145 
at the end of the A-loop. Hydrophobicity is conserved in 
tyrosine kinases at positions 1,126 and 1,144 of the A-loop. 
Another conserved hydrophobic residue in the A-loop, Ile 
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1,130, packs against Val 1,102, the residue that precedes the 
catalytic loop (FIG. 5). Conserved His 1,103 and Arg 1,104 
in the catalytic loop are hydrogen bonded to main-chain 
carbonyl oxygen atoms in the A-loop. Asp 1,134 in the 
A-loop is salt bridged to Lys 1,100 in the segment prior to 
the catalytic loop. In tyrosine kinases, there is a strong 
sequence correlation betWeen Lys at position 1,100 and Asp 
or Glu at position 1,134. Additional stability for this A-loop 
con?guration is derived from tWo pairs of short [3-strand 
interactions ([39-[36 and [310-[312) (FIG. 5). As in the IRK 
structure, the ?rst pTyr in the A-loop, pTyr 1,131, is exposed 
and makes no contacts With other residues. 

[0073] Due to incomplete lobe closure, interactions 
betWeen the nucleotide analog and protein are almost exclu 
sively mediated through the adenine; the ribose hydroxyl 
group (O2) is not Within hydrogen-bonding distance of Asp 
1,056 of the CT lobe, an interaction observed in the IRK 
structure. The B-factors of the nucleotide analog are high 
compared to those for protein atoms. The adenine moiety 
has the loWest B-factors of the nucleotide analog, making 
tWo hydrogen bonds to main-chain atoms in the interlobe 
linker and hydrophobic contacts With residues in the NT lobe 
of the cleft. The phosphate groups have the highest B-factors 
in the analog. The ot-phosphate is hydrogen bonded to the 
main-chain nitrogen of Ser 979 (nucleotide-binding loop) 
and to the side chain of conserved Lys 1,003 via a Water 
molecule. The [3- and y-phosphates appear to adopt more 
than one conformation. Although Mg2+ Was included in the 
crystallization conditions, the electron density in the 
expected area of binding (to Asn 1,110 and Asp 1,123) is 
ambiguous, and therefore no Mg2+ ions are included in the 
?nal atomic model. The differences in ATP analog binding 
observed in the IGF1RK (AMP-PCP) and IRK (AMP-PNP) 
structures are probably due to differences in lobe closure, 
Which can be in?uenced by crystal packing, rather than the 
particular analog used or intrinsic differences between the 
tWo kinases. 

[0074] A synthetic peptide (KKKSPGEXVNIEFG) (SEQ 
ID NO: 3), Which Was based on the IRS-1 phosphorylation 
site Tyr 895, Was co-crystalliZed With IGF1RK. This peptide 
Was chosen for crystalliZation experiments because it had 
the loWest Km for IGF1R of a series of peptides derived 
from the IGF1R substrate IRS-1 (Xu et al., (1995) J. Biol. 
Chem. 270:29825-29830). Moreover, the structure of IRK 
Was determined With a related peptide derived from IRS-1. 
The Km for this peptide Was determined to be 128 pM for 
IGF1RK. Eight residues of the peptide are Well de?ned by 
electron density (P-2 to P+5, Where P0 is the phosphate 
acceptor Tyr), and the overall mode of peptide binding to 
IGF1RK is very similar to that observed in the ternary IRK 
structure (Hubbard et al. (1997) supra). Val(P+1) to Phe(P+ 
5) form a short anti-parallel ot-strand Which is paired With 
residues 1,140-1,144 of the A-loop ([311 in FIG. 3). The 
hydroxyloxygen of Tyr(P0) is hydrogen bonded to the side 
chains of tWo conserved residues in the catalytic loop, Asp 
1,105 and Arg 1,109, and is in position for phosphoryl 
transfer. The side chains of the P+1, P+3 and P+5 residues 
of the peptide substrate ?ll a groove comprised primarily of 
hydrophobic amino acids in the CT lobe (FIGS. 8 and 9). 
The side chain of Phe(P+5) is in van der Waals contact With 
Gly 1,157 and packs against Ile(P+3), Which in turn packs 
into a hydrophobic pocket comprised of Leu 1,154 (otEF), 
Met 1,149 ([311-otEF loop), and Leu 1,144 ([311). Interest 
ingly, Gly 1,157 is conserved in the insulin receptor and Src, 
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but in many tyrosine kinases the amino acid at this position 
is arginine An Arg side chain Would clearly alter the 
path of the peptide after the P+3 residue. 

[0075] The side chain of Val(P+1) is too short to plug fully 
into the hydrophobic cavity formed by CT lobe residues Val 
1,146 ([311-otEF loop), Leu 1,192 ((1.6) and Asn 1,188 (otG). 
In the ternary IRK structure, the peptide substrate contains 
a methionine (Met) at the P+1 and P+3 positions. The longer 
Met side chain at P+1 makes additional hydrophobic con 
tacts relative to Val(P+1) in the IGFR1K structure. The 
IGF1RK structure suggests that a Met or a phenylalanine 
(Phe) Would be optimal at the P+1 position, an observation 
supported by peptide substrate library studies for IRK 
(Songyang et al. (1995) supra). The residues involved in 
peptide substrate recognition are conserved betWeen the 
insulin and IGF1 receptors. Thus, differences in substrate 
speci?city are likely to arise from interactions outside the 
P-2 to P+5 region observed here. The relatively loW Km of 
the IRS-1 Tyr 895-derived peptide, With respect to other 
IRS-1 peptides tested (Xu et al. (1995) supra), may be due 
in part to the hydrophobic packing of Phe(P+5) betWeen 
isoleucine [Ile(P+3)] and Gly 1,157. 

[0076] A majority of the kinase insert region of IGF1RK 
is disordered in the crystal structure (residues 1,069-1,076) 
and Was not included in the atomic model. The sequences of 
the kinase inserts of IGF1RK and IRK are divergent. In the 
crystal structure of IRK, the kinase insert (residues 1,091 
1,105) is ordered, stabiliZed in part by a salt bridge betWeen 
Arg 1,101 in the insert and Glu 1,108 (otE). The correspond 
ing residues in IGF1RK are Leu 1,074 and Lys 1,081. 
Although the functional roles in cell signaling for the kinase 
inserts in the insulin and IGF1 receptors have not been 
determined, these differences in sequence and structure may 
be signi?cant. The kinase insert in IRK contains a proline 
(Pro) repeat conforming to the PXXP motif (residues 1,099 
1,102) recogniZed by SH3 domains. In IGF1RK, the second 
Pro in this motif is missing. Moreover, a cluster of residues 
Which differs betWeen the tWo kinases is located near the 
kinase insert region (FIG. 6), Which could provide speci 
?city for protein-protein interactions. 

[0077] Mapping the sequence differences betWeen 
IGF1RK and IRK onto the IGF1RK structure highlights the 
conserved nature of the ATP-binding cleft, the A-loop, and 
the residues that directly interact With peptide substrate 
(FIG. 6). Residues that vary betWeen the tWo kinases are 
found primarily on the kinase surface and do not alter the 
overall secondary or tertiary structure. Developing small 
molecule inhibitors that are speci?c for IGF1RK and do not 
affect IRK activity, therefore, poses a signi?cant challenge. 
Typically, small molecule inhibitors of protein kinases have 
targeted the relatively Well-conserved ATP-binding site, 
exploiting subtle sequence differences in this region to attain 
speci?city (Mohammadi et al. (1997) Science 276:955-960 
and (1998) EMBO J. 17:5896-5904; Schindler et al. (2000) 
Science 289:1938-1942; Zhu et a. (1999) Structure Fold. 
Des. 7:651-661). Within the ATP-binding cleft proper, the 
sequence identity betWeen IGF1RK and IRK is 100%. As 
supported by evidence presented herein, the interlobe linker, 
hoWever, is a good candidate target. The interlobe linker of 
IGF1RK comprises Thr 1,053 and Arg 1,054, Which replace 
Ala 1,080 and His 1,081 of the IRK interlobe linker (FIG. 
6). The distance from the methyl group of the Thr 1,053 side 
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chain to the adenine of AMP-PCP is 6.7 A, Within reach of 
an ATP-competitive inhibitor. 

[0078] Because the ATP binding pocket of protein kinases 
is generally Well conserved, some attempts have been made 
to ?nd or design inhibitors that target other regions of the 
kinase, particularly those involved in protein substrate rec 
ognition (Blum et al. (2000) Biochemistry 39:15705-15712; 
Parang et al. (2001) Nature Struct. Biol. 8:37-41). Since the 
structure of IGF1RK reveals that the residues involved in 
peptide binding in the immediate vicinity of the substrate 
tyrosine are identical to those in IRK, speci?city for protein 
substrate phosphorylation must, therefore, be in?uenced by 
residues outside of this core region. Such residues Would 
provide supplemental recognition information With Which 
these kinases discriminate betWeen their appropriate peptide 
substrates, thereby resulting in the differential substrate 
speci?cities observed for IGF1R and IRK. As indicated 
herein, the identi?cation of such sites can be exploited in the 
development of a speci?c substrate-competitive inhibitor. 

[0079] Speci?c regions of the kinase domain that are 
potentially good candidates for peptide targets for designing 
inhibitors molecules include, but are not limited to: the 
ATP-binding pocket betWeen the N- and C-terminal kinase 
lobes (comprising amino acid residues 975-984, 1001-1003, 
1033-1034, 1049-1056, 1010-1012, 1122-1123; see Appen 
dix A); the peptide substrate binding groove in the C-ter 
minal kinase lobe (comprising amino acid residues 1137 
1157, 1105-1109; see Appendix A); the hinge region on the 
backside of the kinase domain, Which is opposite the ATP 
binding pocket (comprising amino acid residues 1025-1035, 
1112-1121, 1050-1055; see Appendix A); and the alpha helix 
C (comprising amino acid residues 1005-1029; see Appen 
dix A) 

[0080] General Methods 

[0081] In one embodiment of the invention, the three 
dimensional structural information of an IGF1RK domain is 
used as a target in a virtual ligand screening procedure that 
seeks to identify, via computer docking methods, those 
candidate compounds in a vast compound library Which are 
capable of binding to the target site With high af?nity. 

[0082] In another embodiment, the structural information 
of an IGF1RK domain is used to design compounds pre 
dicted to bind to the IGF1RK domain, and such compounds 
are tested for high af?nity binding. 

[0083] Compounds derived or obtained from either 
approach scoring the highest in the docking procedure are 
then tested in cell-based and cell-free assays (described 
beloW) to determine their ef?cacy in inhibiting IGF1 activ 
ity. In one embodiment of the invention, a compound 
identi?ed by the instant methods blocks IGF1 activity by 
acting as an IGF1 antagonist. Alternatively, a compound 
identi?ed by the instant methods may enhance IGF1 activity 
by acting as an agonist of IGF1-mediated signaling. 

[0084] A compound identi?ed using a method of the 
present invention may also be co-crystalliZed With IGF1RK 
to verify binding in the IGF1RK domain. In a further 
embodiment of the invention, candidate compounds (e.g., 
peptides) capable of binding to the IGF1RK domain are 
modi?ed by methods knoWn in the art to further improve 
speci?c characteristics, e.g., to increase ef?cacy and/or 
speci?city and/or solubility. 



US 2004/0142381 A1 

[0085] As used herein, the term “modi?ed peptide” may 
be used to refer to a peptide that is capable of binding to a 
protein and modulating its activity (e.g., a tyrosine kinase 
domain of a cell surface receptor). Modi?ed peptides may 
possess features that, for example, modulate (increase or 
decrease) binding, alter the half-life of the peptide, decrease 
renal clearance, or improve absorption. 

[0086] As described and discussed earlier herein, the term 
“amino acid” and any reference to a speci?c amino acid is 
also meant to include naturally occurring proteogenic amino 
acids as Well as non-naturally occurring amino acids such as 
amino acid analogs. One of skill in the art Would knoW that 
this de?nition includes, unless otherWise speci?cally indi 
cated, naturally occurring proteogenic (D) or (L) amino 
acids, chemically modi?ed amino acids, including amino 
acid analogs such as penicillamine (3-mercapto-D-valine), 
naturally occurring non-proteogenic amino acids such as 
norleucine and chemically synthesiZed compounds that have 
properties knoWn in the art to be characteristic of an amino 
acid. As used herein, the term “proteogenic” indicates that 
the amino acid can be incorporated into a protein in a cell 
through Well-knoWn metabolic pathWays. 

[0087] The choice of including an (L)- or a (D)-amino acid 
into a peptide identi?ed using a method of the present 
invention depends, in part, on the desired characteristics of 
the peptide. For example, the incorporation of one or more 
(D)-amino acids can confer enhanced peptide stability in 
vitro and/or in vivo. The incorporation of one or more 
(D)-amino acids can also increase or decrease the binding 
activity of the peptide as determined, for example, using the 
binding assays described herein, or other methods Well 
knoWn in the art. In some cases it is desirable to design a 
peptide Which retains activity for a short period of time, for 
example, When designing a peptide to administer to a 
subject. In these cases, the incorporation of one or more 
(L)-amino acids into a peptide can promote digestion of the 
peptide by endogenous peptidases in a subject to Whom the 
peptide has been administered. This feature serves to limit 
the subject’s exposure to an active peptide. 

[0088] As used herein, the term “amino acid equivalent” 
refers to compounds Which depart from the structure of the 
naturally occurring amino acids, but Which have substan 
tially the structure of an amino acid, such that they can be 
substituted Within a peptide Which retains is biological 
activity. Thus, for example, amino acid equivalents can 
include amino acids having side chain modi?cations or 
substitutions, and related organic acids, amides or the like. 
The term “amino acid” is intended to include amino acid 
equivalents. The term “residues” refers both to amino acids 
and amino acid equivalents. 

[0089] As used herein, the term “peptide” is used in its 
broadest sense to refer to compounds containing amino acid 
equivalents or other non-amino groups, While still retaining 
the desired functional activity of a peptide. Peptide equiva 
lents can differ from conventional peptides by the replace 
ment of one or more amino acids With related organic acids 
(such as PABA), amino acids or the like or the substitution 
or modi?cation of side chains or functional groups. 

[0090] It is to be understood that limited modi?cations can 
be made to a peptide Without destroying its biological 
function. Thus, modi?ed forms of peptides identi?ed using 
a method of the invention are encompassed herein, as long 
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as they retain an activity of the peptide. Modi?cations can 
include, for example, additions, deletions, or substitutions of 
amino acids residues, substitutions With compounds that 
mimic amino acid structure or functions, as Well as the 
addition of chemical moieties such as amino or acetyl 
groups. The modi?cations can be deliberate or accidental, 
and can be modi?cations of the composition or the structure. 

[0091] Selected compounds exhibiting desirable charac 
teristics are designated lead compounds, and further tested 
in animal models to measure their ef?cacy. 

[0092] Virtual Ligand Screening Via Flexible Docking 
Technology 

[0093] Knowledge pertaining to a speci?c receptor struc 
ture can be used in conjunction With current docking and 
screening methodologies to select small sets of likely lead 
candidate ligands from large libraries of compounds. Such 
methods are described, for example, in Abagyan and Totrov 
(2001) Current Opinion Chemical Biology 51375-382, 
herein speci?cally incorporated by reference in its entirety. 

[0094] Virtual ligand screening (VLS) based on high 
throughput ?exible docking is useful for designing and 
identifying compounds capable of binding to a speci?c 
receptor structure. VLS can be used to virtually sample a 
large number of chemical molecules Without synthesiZing 
and experimentally testing each one. Generally, the methods 
start With receptor modeling Which uses a selected receptor 
structure derived by conventional means, e.g., X-ray crys 
tallography, NMR, homology modeling. Aset of compounds 
and/or molecular fragments are then docked into the selected 
binding site using any one of the existing docking programs, 
such as for example, MCDOCK (Liu et al. (1999) J. Com 
put. Aided Mol. Des. 131435-451), SEED (Majeux et al. 
(1999) Proteins 37188-105; DARWIN (Taylor et al. (2000) 
Proteins 411173-191; MM (David et al. (2001) J. Comput. 
Aided Mol. Des. 15:157-171. Compounds are scored as 
ligands, and a list of candidate compounds predicted to 
possess the highest binding affinities are generated for 
further in vitro and in vivo testing and/or chemical modi? 
cation. 

[0095] In one approach of VLS, molecules are “built” into 
a selected binding pocket prior to chemical generation. A 
large number of programs are designed to “groW” ligands 
atom-by-atom [see, for example, GENSTAR (Pearlman et 
al. L(1993) J. Comput. Chem. 1411184), LEGEND (Nishi 
bata et al. (1993) J. Med. Chem. 3612921-2928), MCDNLG 
(Rotstein et al. (1993) J. Comput-Aided Mol. Des. 7123-43), 
CONCEPTS (Gehlhaar et al. (1995) J. Med. Chem 381466 
472] or fragment-by-fragment [see, for example, GROUP 
BUILD (Rotsein et al. (1993) J. Med. Chem. 3611700-1710), 
SPROUT (Gillet et al. (1993) J. Comput. Aided Mol. Des. 
71127-153), LUDI (Bohm (1992) J. Comput. Aided Mol. 
Des. 6161-78), BUILDER (Roe (1995) J. Comput. Aided 
Mol. Des. 91269-282), and SMOG (DeWitte et al. (1996) J. 
Am. Chem. Soc. 118111733-11744]. 

[0096] Methods for scoring ligands for a particular recep 
tor are knoWn Which alloW discrimination betWeen the small 
number of molecules able to bind the receptor structure and 
the large number of non-binders. See, for example, Agagyan 
et al. (2001) supra, for a report on the groWing number of 
successful ligands identi?ed via virtual ligand docking and 
screening methodologies. 
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[0097] For example, Nishibata et al. (1993) J. Med. Chem 
36:2921-2928, describe the ability of a structure construc 
tion program to generate inhibitory molecules based on the 
three-dimensional structure of the active site of a molecule, 
dihydrofolate reductase. The program Was able to predict 
molecules having a similar structure to four known inhibi 
tors of the enZyme, providing strong support that neW lead 
compounds can be obtained With knoWledge pertaining to 
the three dimensional structure of the target. Similarly, Gillet 
et al. (1993) J. Computer Aided Mol. Design 7:127-153 
describe structure generation through arti?cial intelligence 
techniques based on steric constrains (SPROUT). 

[0098] The invention provides methods for identifying 
agents (e.g., candidate compounds or test compounds) that 
bind With high af?nity to the IGF1RK domain. Agents 
identi?ed by the screening method of the invention are 
useful as candidate anti-cancer therapeutics, and/or in any 
condition Which could be ameliorated by inhibition of the 
tyrosine kinase activity of the IGF1 receptor. Such condi 
tions include, but are not limited to a diabetic complication 
exacerbated by IGF-1, acromegaly, age-related macular 
degeneration, ischemic injury, and trauma. 

[0099] Malignant transformation is often associated With 
increased expression and/or constitutive activation of the 
IGF-1R. Indeed, aberrant signaling of the IGF1R has been 
implicated in a variety of cancers, including: multiple 
myeloma, lymphatic metastasis, lung cancer (e.g., carci 
noma), breast cancer, Wilms’ tumor, cervical cancer, pros 
tate cancer, colorectal cancer, glioma, and rhabdomyosar 
coma (RMS). 

[0100] Agents Identi?ed by the Screening Methods of the 
Invention 

[0101] The invention provides methods for identifying 
agents (e.g., candidate compounds or test compounds) that 
bind With high af?nity to the IGF1RK domain. Agents 
identi?ed by the screening methods of the invention may be 
used as candidate therapeutics for hyperproliferative disor 
ders, such as, for example, cancer. 

[0102] Examples of agents, candidate compounds or test 
compounds include, but are not limited to, nucleic acids 
(e.g., DNA and RNA), carbohydrates, lipids, proteins, pep 
tides, peptidomimetics, small molecules and other drugs. 
Agents can be obtained using any of the numerous 
approaches in combinatorial library methods knoWn in the 
art, including: biological libraries; spatially addressable par 
allel solid phase or solution phase libraries; synthetic library 
methods requiring deconvolution; the “one-bead one-com 
pound” library method; and synthetic library methods using 
af?nity chromatography selection. The biological library 
approach is limited to peptide libraries, While the other four 
approaches are applicable to peptide, non-peptide oligomer 
or small molecule libraries of compounds (Lam (1997) 
Anticancer Drug Des. 121145; US. Pat. No. 5,738,996; and 
US. Pat. No. 5,807,683, each of Which is incorporated 
herein in its entirety by reference). 

[0103] Examples of methods for the synthesis of molecu 
lar libraries can be found in the art, for example in: DeWitt 
et al. (1993) Proc. Natl. Acad. Sci. USA 906909; Erb et al. 
(1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et 
al. (1994) J. Med. Chem. 37:2678; Cho et al. (1993) Science 
261:1303; Carrell et al. (1994) AngeW. Chem. Int. Ed. Engl. 
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33:2059; Carell et al. (1994) AngeW. Chem. Int. Ed. Engl. 
3312061; and Gallop et al. (1994) J. Med. Chem. 37:1233, 
each of Which is incorporated herein in its entirety by 
reference. 

[0104] Libraries of compounds may be presented, e.g., 
presented in solution (e.g., Houghten (1992) Bio/Techniques 
13:412-421), or on beads (Lam (1991) Nature 354:82-84), 
chips (Fodor (1993) Nature 364:555-556), bacteria (US. 
Pat. No. 5,223,409), spores (US. Pat. Nos. 5,571,698; 
5,403,484; and 5 ,223,409), plasmids (Cull et al. (1992) Proc. 
Natl. Acad. Sci. USA 89:1865-1869) or phage (Scott and 
Smith (1990) Science 249:386-390; Devlin (1990) Science 
249:404-406; CWirla et al. (1990) Proc. Natl. Acad. Sci. 
USA87z6378-6382; and Felici (1991) J. Mol. Biol. 2221301 
310), each of Which is incorporated herein in its entirety by 
reference. 

[0105] Screening Assays 
[0106] Small molecules identi?ed through the above 
described virtual ligand docking and screening methodolo 
gies are further tested in in vitro and in vivo assays. In one 
embodiment, agents that interact With (i.e., bind to) the 
IGF1RK domain of the IGF1 receptor, or a functional 
fragment thereof, are identi?ed and/or con?rmed in a cell 
free assay system. In accordance With this embodiment, a 
native or recombinant IGF1 receptor or fragment thereof is 
contacted With a candidate compound or a control com 
pound and the ability of the candidate compound to interact 
With the IGF1 RK domain of the IGF1 receptor is deter 
mined. If desired, this assay may be used to screen a 
plurality (eg a library) of candidate compounds. In one 
embodiment, the IGF1 receptor or fragment thereof is ?rst 
immobiliZed by contacting it With, for example, an immo 
biliZed antibody Which speci?cally recogniZes and binds to 
it, or by contacting a puri?ed preparation of the IGF1 
receptor or fragment thereof, With a surface designed to bind 
proteins. The IGF1 receptor or IGF1RK domain-containing 
IGF1 receptor fragment may be partially or completely 
puri?ed (e.g., partially or completely free of other polypep 
tides) or part of a cell lysate. Further, the IGF1 receptor or 
IGF1RK domain-containing IGF1 receptor fragment may be 
a fusion protein comprising the IGF1RK domain or a 
biologically active portion thereof, and a domain such as 
glutathionine-S-transferase. Alternatively, the IGF1 receptor 
or IGF1RK-containing fragment thereof can be biotinylated 
using techniques Well knoWn to those of skill in the art (e. g., 
biotinylation kit, Pierce Chemicals; Rockford, Ill.). The 
ability of a candidate compound to interact With the IGF1RK 
domain can be determined by methods knoWn to those of 
skill in the art. 

[0107] 
[0108] The present inventors have devised methods to 
identify small molecule inhibitors for the unphosphorylated 
form of IGF1 receptor (0P) and the fully-activated, triply 
phosphorylated form of IGF1 receptor (3P). For both forms 
of the enZyme, a continuous spectrophotometric kinase 
assay is used. In this assay, production of ADP is coupled to 
the oxidation of NADH, Which is measured as a decrease in 
absorbance at 340 nm. Using this method, the autophospho 
rylation of OP is measured directly, rather than indirectly via 
substrate phosphorylation. The method may be used in a 
microtiter plate format, for example, to screen for modula 
tors (i.e., inhibitors or activators) of the phosphorylation/ 
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dephosphorylation rate of these different forms of the IGFlR 
and/or substrates thereof. Inhibitors, for example, that 
decrease the rate of 0P autophosphorylation can be identi?ed 
using this method. In the case of 3P, the reactions may also 
comprise a synthetic peptide substrate, and the ability of 
inhibitory candidates to block peptide phosphorylation may 
be measured. 

[0109] In one embodiment, the assays are performed in 
100 mM Tris-HCl (pH 7.5), 10 mM MgCl2, 1 mM phos 
phoenolpyruvate, 0.28 mM NADH, 89 units/ml pyruvate 
kinase, 124 units/ml lactate dehydrogenase, 2% DMSO, and 
at 30° C. in a 50 microliter reaction volume. Reactions are 
initiated by the addition of ATP to mixtures containing 
enZyme and various concentrations of inhibitors. Assays of 
IGFlRK-OP autophosphorylation may be performed, for 
example, at 6 micromolar enZyme and 1 mM ATP. The 
IGF1RK-3P peptide phosphorylation assays are generally 
carried out With 150 nM enZyme, 100 micromolar ATP, and 
50 micromolar peptide substrate (KKEEEEYMMMM; SEQ 
ID NO: 2). 

[0110] Cell Based Assays 

[0111] In another embodiment, agents that interact With 
(i.e., bind to) the IGFlRK domain are tested in a cell-based 
assay system. In accordance With this embodiment, cells 
expressing an IGFl receptor or a fragment thereof contain 
ing the IGFlRK domain, are contacted With a candidate 
compound or a control compound and the ability of the 
candidate compound to interact With the IGFl receptor is 
determined. If desired, this assay may be used to screen a 
plurality (eg a library) of candidate compounds. A cell, for 
example, can be of prokaryotic origin (e.g., E. coli) or 
eukaryotic origin (e.g., yeast or mammalian). Further, the 
cells can express the IGFl receptor, or functional IGFl 
receptor fragment, endogenously or be genetically engi 
neered to express the IGFl receptor, or functional fragment 
thereof. In certain instances, the IGFl receptor or functional 
fragment thereof is labeled, for example With a radioactive 
label (such as 32P, 35S or 125I) or a ?uorescent label (such as 
?uorescein isothiocyanate, rhodamine, phycoerythrin, phy 
cocyanin, allophycocyanin, o-phthaldehyde or ?uorescam 
ine) to enable detection of an interaction betWeen the IGFl 
receptor and a candidate compound. The ability of the 
candidate compound to bind to the IGFlRK domain can be 
determined by methods knoWn to those of skill in the art. For 
example, the interaction betWeen a candidate compound and 
the IGFlRK domain can be determined by ?oW cytometry, 
a scintillation assay, immunoprecipitation or Western blot 
analysis. 

[0112] In general, IGFlR-expressing cells are treated With 
modulators (i.e., inhibitors or activators) of IGFlR activity 
and cell lysates are generated from these treated cells. 
IGFlRs are isolated from the lysate by immunoprecipitation 
and analyZed for phosphotyrosine content. Alternatively, or 
in addition, protein substrates knoWn to be phosphorylated 
by IGFR may be immunoprecipitated from the cellular 
lysate and their phosphotyrosine content determined. 

[0113] Chinese Hamster Ovary (CHO) cells overexpress 
ing Wild type IGF-l receptors are an exemplary cellular 
model in Which to perform such assays. Such cells may be 
maintained in DMEM supplemented With 10% dialyZed 
FBS, 100 pM non essential amino acids, 1% L-glutamine, 
1% antibiotic and antimycotic solution, 500 pig/ml Geneti 
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cin, and 2 pM methotrexate in a humidi?ed atmosphere of 
95% air and 5% CO2 at 37° C. Con?uent cells in 60-mm 
plates are incubated overnight With serum-free (SF) medium 
(HAM F-12, 0.5% sterile BSA, and 1% antibiotic and 
antimycotic). Inhibitors are subsequently added at various 
concentrations in fresh SF medium for 1 hour. Cells are then 
stimulated With 10 nM IGF-l for 1 minute. After treatment, 
cells are Washed tWice With ice-cold PBS, harvested, and 
lysed With fresh lysis buffer (25 mM Tris pH 8.0, 2 mM 
EDTA pH 8.0, 140 mM NaCl, 1% NP-40, 10 pig/ml apro 
tinin, 20 pM phenylmethylsulphonyl ?uoride (PMSF), 10 
pig/ml Leupeptin and 10 mM orthovanadate) for 1 hour at 4° 
C., after Which the lysates are cleared by centrifugation at 
12,000><g for 10 minutes. Protein concentrations of the 
postnuclear supernatants are determined by the Bradford 
method (Bio-Rad). To measure tyrosine phosphorylation of 
the [3-subunits of the IGF-l receptors, lysates are incubated 
overnight at 4° C. With 2 pg of anti-IGFlR antibody (C-20; 
Santa CruZ Biotechnology) and 50 pl of 50% protein-A 
agarose slurry. After 3 Washes With lysis buffer, pellets are 
resuspended in SDS-PAGE sample buffer and boiled for 3 
minutes. Proteins are resolved by SDS-PAGE (7.5%) and 
transferred by electroblotting onto PVDF membranes. 
Tyrosine phosphorylated receptors are detected by immu 
noblotting With anti-phosphotyrosine antibody (4G10, 
Upstate Biotechnology) and then stripped and reprobed With 
anti-IGFlR antibody. Detection Was With the ECL method 
(Amersham). As indicated above, parallel experiments may 
be performed in Which IGFR substrate are speci?cally 
immunoprecipitated, immunoblotted, and probed With anti 
phosphotyrosine antibody. 

[0114] In another embodiment, agents that modulate (i.e., 
decrease or increase) the activity of IGFl receptor kinase 
activity are identi?ed/con?rmed in an animal model. 
Examples of suitable animals include, but are not limited to, 
mice, rats, rabbits, monkeys, guinea pigs, dogs and cats. 
Preferably, the animal used provides an animal model sys 
tem for a hyperproliferative disorder associated With altered 
or aberrant IGFl receptor activity. In accordance With this 
embodiment, the test compound or a control compound is 
administered (e.g., orally, rectally or parenterally such as 
intraperitoneally or intravenously) to a suitable animal and 
the effect on the level of IGFl receptor kinase activity is 
determined. 

[0115] Exemplary Methods of Use for the IGFlRK 
Domain Binding Agents 

[0116] The invention provides for treatment of disorders 
ameliorated by administration of a therapeutic compound 
identi?ed using the method of the invention. Such com 
pounds include but are not limited to proteins, peptides, 
protein or peptide derivatives or analogs, antibodies, nucleic 
acids, and small molecules. 

[0117] The invention provides methods for treating (thera 
peutically and prophylactically) IGFl-related hyperprolif 
erative disorders (e.g., cancer), comprising administering to 
a subject an effective amount of a compound identi?ed by a 
method of the invention. In a preferred aspect, the com 
pound is substantially puri?ed (e.g., substantially free from 
substances that limit its effect or produce undesired side 
effects). The subject is preferably an animal, including but 
not limited to animals such as coWs, pigs, horses, chickens, 
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cats, dogs, etc., and is preferably a mammal, and most 
preferably human. In a speci?c embodiment, a non-human 
mammal is the subject. 

[0118] As used herein, the term “treating” refers to both 
therapeutic treatment and prophylactic or preventative mea 
sures. Those in need of treatment include those subjects or 
patients exhibiting symptoms of the disorder, as Well as 
those subjects that are predisposed to the disorder, or diag 
nosed With the disorder in the absence of symptoms (asymp 
tomatic patients), or in Whom the disorder is to be prevented. 
Consecutive treatment or administration refers to treatment 
on at least a daily basis Without interruption for one or more 
days. Intermittent treatment or administration, or treatment 
or administration in an intermittent fashion, refers to treat 
ment that is not consecutive, but rather cyclic in nature. The 
treatment regime herein can be either consecutive or inter 
mittent. Subjects for Whom the preventive measures are 
appropriate include those With one or more knoWn risk 
factors for an IGFlR-related disorder, such as cancer. 

[0119] A “disorder” is any condition caused, mediated, 
exacerbated by, or associated With IGFl receptor activity 
that Would bene?t from treatment With modulators identi?ed 
using the methods of the present invention. Such conditions 
include chronic and acute disorders, or pathological condi 
tions that predispose a mammal to a particular disorder. 
Non-limiting examples of disorders to be treated herein 
include diseases associated With undesirable cell prolifera 
tion, such as benign tumors, cancer, restenosis, and asthma; 
acromegaly; in?ammatory, angiogenic, or immunological 
disorders; an ischemic injury such as a stroke, myocardial 
ischemia, or ischemic injury to the kidneys; diabetic com 
plications such as diabetic retinopathies or neuropathies; 
eye-related diseases; or neuronal, glial, astrocyte-related, 
hypothalamic or other glandular, macrophage, epithelial, or 
stromal disorders. Eye-related disorders include age-related 
macular degeneration; ophthalmic surgery such as cataract 
extraction, corneal transplantation, glaucoma ?ltration sur 
gery, and keratoplasty; surgery to correct refraction, i.e., a 
radial keratotomy, also in sclera macular holes and degen 
eration; retinal tears; vitreoretinopathy; cataract disorders of 
the cornea such as the sequelae of radial keratotomy; dry 
eye; viral conjunctivitis; ulcerative conjunctivitis; optical 
Wounds such as corneal epithelial Wounds; Sjogren’s syn 
drome; macular and retinal edema; vision-limited scarring; 
and retinal ischemia. Preferably, such disorders are cancer, 
a diabetic complication, an ischemic injury, acromegaly, 
restenosis, an eye-related disorder, or asthma. The ef?cacy 
of the treatment can be evidenced by a reduction in clinical 
manifestations or symptoms, including, for example, 
decreased cell proliferation or groWth, improved renal clear 
ance, improved vision, or a reduction in the amount of IGF 
receptor signaling. 

[0120] The term “effective amount” refers to an amount of 
a small molecule modulator effective to treat a disease or 

disorder in a mammal. In the case of cancer, the effective 
amount of a modulator (i.e., an inhibitor) may reduce the 
number of cancer cells; reduce tumor siZe; reduce cancer cell 
in?ltration into peripheral organs; reduce tumor metastasis; 
and/or relieve one or more of the symptoms associated With 
the disorder. In cancer therapy, for example, in vivo ef?cacy 
can be measured by assessing the time to disease progres 
sion (TTP) and/or determining the response rate (RR). 
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[0121] The terms “cancer” and “cancerous” refer to or 
describe a physiological condition, generally observed in 
mammals, that is characteriZed by unregulated cell groWth. 
Examples of cancer include but are not limited to, carci 
noma, lymphoma, blastoma, sarcoma, and leukemia. More 
particular examples of such cancers include squamous cell 
cancer, lung cancer (including small-cell lung cancer, non 
small cell lung cancer, adenocarcinoma of the lung, and 
squamous carcinoma of the lung), cancer of the peritoneum, 
hepatocellular cancer, gastric or stomach cancer (including 
gastrointestinal cancer), pancreatic cancer, glioblastoma, 
cervical cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, colorectal cancer, 
endometrial or uterine carcinoma, salivary gland carcinoma, 
kidney or renal cancer, liver cancer, prostate cancer, vulval 
cancer, thyroid cancer, hepatic carcinoma and various types 
of head and neck cancer, as Well as B-cell lymphoma 
(including loW grade/follicular non-Hodgkin’s lymphoma 
(NHL); small lymphocytic (SL) NHL; intermediate grade/ 
follicular NHL; intermediate grade diffuse NHL; high grade 
immunoblastic NHL; high grade lymphoblastic NHL; high 
grade small non-cleaved cell NHL; bulky disease NHL; 
mantle cell lymphoma; AIDS-related lymphoma; and 
Waldenstrom’s Macroglobulinemia); chronic lymphocytic 
leukemia (CLL); acute lymphoblastic leukemia (ALL); 
Hairy cell leukemia; chronic myeloblastic leukemia; and 
post-transplant lymphoproliferative disorder (PTLD). Pref 
erably, the cancer comprises a tumor that expresses an IGF 
receptor, more preferably breast cancer, lung cancer, col 
orectal cancer, or prostate cancer, and most preferably breast 
or prostate cancer. 

[0122] Formulations and methods of administration that 
can be employed When the compound comprises a nucleic 
acid are described above; additional appropriate formula 
tions and routes of administration are described beloW. 

[0123] Various delivery systems are knoWn and can be 
used to administer a compound of the invention, e.g., 
encapsulation in liposomes, microparticles, microcapsules, 
recombinant cells capable of expressing the compound, 
receptor-mediated endocytosis (see, e.g., Wu and Wu (1987) 
J. Biol. Chem. 262:4429-4432), construction of a nucleic 
acid as part of a retroviral or other vector, etc. Methods of 
introduction can be enteral or parenteral and include but are 
not limited to intradermal, intramuscular, intraperitoneal, 
intravenous, subcutaneous, intranasal, epidural, and oral 
routes. The compounds may be administered by any con 
venient route, for example by infusion or bolus injection, by 
absorption through epithelial or mucocutaneous linings 
(e.g., oral mucosa, rectal and intestinal mucosa, etc.) and 
may be administered together With other biologically active 
agents. Administration can be systemic or local. In addition, 
it may be desirable to introduce the pharmaceutical compo 
sitions of the invention into the central nervous system 
(CNS) by any suitable route, including intraventricular and 
intrathecal injection; intraventricular injection may be facili 
tated by an intraventricular catheter, for example, attached to 
a reservoir, such as an Ommaya reservoir. Pulmonary 
administration can also be employed, e.g., by use of an 
inhaler or nebuliZer, and formulation With an aerosoliZing 
agent. 

[0124] In a speci?c embodiment, it may be desirable to 
administer the pharmaceutical compositions of the invention 
locally, e.g., by local infusion during surgery, topical appli 
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cation, e.g., by injection, by means of a catheter, or by means 
of an implant, said implant being of a porous, non-porous, 
or gelatinous material, including membranes, such as sialas 
tic membranes, or ?bers. In one embodiment, administration 
can be by direct injection into cerebrospinal ?uid (CSF) or 
at the site (or former site) of hyperproliferative cells in CNS 
tissue. 

[0125] In another embodiment, the compound can be 
delivered in a vesicle, in particular a liposome (see Langer 
(1990) Science 249:1527-1533; Treat et al., in Liposomes in 
the Therapy of Infectious Disease and Cancer, Lopez-Ber 
estein and Fidler (eds.), Liss, NeW York, pp. 353-365 (1989); 
LopeZ-Berestein, ibid., pp. 317-327; see generally ibid.). 

[0126] In yet another embodiment, the compound can be 
delivered in a controlled release system. In one embodiment, 
a pump may be used (see Langer, supra; Sefton (1987) CRC 
Crit. Ref. Biomed. Eng. 14:201; BuchWald et al. (1980) 
Surgery 88:507; Saudek et al., 1989, N. Engl. J. Med. 
3211574). In another embodiment, polymeric materials can 
be used (see Medical Applications of Controlled Release, 
Langer and Wise (eds.), CRC Pres., Boca Raton, Fla. (1974); 
Controlled Drug Bioavailability, Drug Product Design and 
Performance, Smolen and Ball (eds.), Wiley, NeW York 
(1984); Ranger and Peppas, J., 1983, Macromol. Sci. Rev. 
Macromol. Chem. 23:61; see also Levy et al. (1985) Science 
228:190; During et al. (1989) Ann. Neurol. 25:351; HoWard 
et al. (1989) J. Neurosurg. 711105). In yet another embodi 
ment, a controlled release system can be placed in proximity 
of the therapeutic target, e.g., an IGF receptor expressing 
tumor, thus requiring only a fraction of the systemic dose 
(see, e.g., Goodson, in Medical Applications of Controlled 
Release, supra, vol. 2, pp. 115-138 (1984)). 

[0127] Other controlled release systems are discussed in 
the revieW by Langer (1990, Science 249:1527-1533). 

[0128] Pharmaceutical Compositions 

[0129] The present invention also provides pharmaceuti 
cal compositions. Such compositions comprise a therapeu 
tically effective amount of an agent, and a pharmaceutically 
acceptable carrier. In a particular embodiment, the term 
“pharmaceutically acceptable” means approved by a regu 
latory agency of the Federal or a state government or listed 
in the US. Pharmacopeia or other generally recogniZed 
pharmacopeia for use in animals, and more particularly in 
humans. The term “carrier” refers to a diluent, adjuvant, 
excipient, or vehicle With Which the therapeutic is admin 
istered. Such pharmaceutical carriers can be sterile liquids, 
such as Water and oils, including those of petroleum, animal, 
vegetable or synthetic origin, such as peanut oil, soybean oil, 
mineral oil, sesame oil and the like. Water is a preferred 
carrier When the pharmaceutical composition is adminis 
tered intravenously. Saline solutions and aqueous dextrose 
and glycerol solutions can also be employed as liquid 
carriers, particularly for injectable solutions. Suitable phar 
maceutical excipients include starch, glucose, lactose, 
sucrose, gelatin, malt, rice, ?our, chalk, silica gel, sodium 
stearate, glycerol monostearate, talc, sodium chloride, dried 
skim milk, glycerol, propylene, glycol, Water, ethanol and 
the like. The composition, if desired, can also contain minor 
amounts of Wetting or emulsifying agents, or pH buffering 
agents. These compositions can take the form of solutions, 
suspensions, emulsion, tablets, pills, capsules, poWders, 
sustained-release formulations and the like. The composi 
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tion can be formulated as a suppository, With traditional 
binders and carriers such as triglycerides. Oral formulation 
can include standard carriers such as pharmaceutical grades 
of mannitol, lactose, starch, magnesium stearate, sodium 
saccharine, cellulose, magnesium carbonate, etc. Examples 
of suitable pharmaceutical carriers are described in “Rem 
ington’s Pharmaceutical Sciences” by E. W. Martin. Such 
compositions Will contain a therapeutically effective amount 
of the compound, preferably in puri?ed form, together With 
a suitable amount of carrier so as to provide the form for 
proper administration to the subject. The formulation should 
suit the mode of administration. 

[0130] In a preferred embodiment, the composition is 
formulated in accordance With routine procedures as a 
pharmaceutical composition adapted for intravenous admin 
istration to a human. Typically, compositions for intravenous 
administration are solutions in sterile isotonic aqueous 
buffer. Where necessary, the composition may also include 
a solubiliZing agent and a local anesthetic such as lidocaine 
to ease pain at the site of the injection. Generally, the 
ingredients are supplied either separately or mixed together 
in unit dosage form, for example, as a dry lyophiliZed 
poWder or Water free concentrate in a hermetically sealed 
container such as an ampoule or sachet indicating the 
quantity of active agent. Where the composition is to be 
administered by infusion, it can be dispensed With an 
infusion bottle containing sterile pharmaceutical grade Water 
or saline. Where the composition is administered by injec 
tion, an ampoule of sterile Water for injection or saline can 
be provided so that the ingredients may be mixed prior to 
administration. 

[0131] The compounds of the invention can be formulated 
as neutral or salt forms. Pharmaceutically acceptable salts 
include those formed With free amino groups such as those 
derived from hydrochloric, phosphoric, acetic, oxalic, tar 
taric acids, etc., and those formed With free carboxyl groups 
such as those derived from sodium, potassium, ammonium, 
calcium, ferric hydroxides, isopropylamine, triethylamine, 
2-ethylamino ethanol, histidine, procaine, etc. 

[0132] The amount of a compound of the invention Which 
Will be effective in the treatment of a hyperproliferative 
disorder can be determined by standard clinical techniques 
based on the present description. In addition, in vitro assays 
may optionally be employed to help identify optimal dosage 
ranges. The precise dose to be employed in the formulation 
Will also depend on the route of administration, and the 
seriousness of the disease or disorder, and should be decided 
according to the judgment of an attending physician and the 
patient’s condition. HoWever, suitable dosage ranges for 
intravenous administration are generally about 20-500 
micrograms of active compound per kilogram body Weight. 
Suitable dosage ranges for intranasal administration are 
generally about 0.01 pg/kg body Weight to 1 mg/kg body 
Weight. Effective doses may be extrapolated from dose 
response curves derived from in vitro or animal model test 
systems. 

[0133] Suppositories generally contain active ingredient in 
the range of 0.5% to 10% by Weight; oral formulations 
preferably contain 10% to 95% active ingredient. 

[0134] Nucleic Acids 

[0135] The invention provides methods for identifying 
agents capable of binding the IGF1RK domain to modulate 










